Modelling the time to detection of urban tuberculosis in two big cities in Portugal:a spatial survival analysis by Nunes, Carla & Taylor, Benjamin Matthew
INT J TUBERC LUNG DIS 20(9):000–000
Q 2016 The Union
http://dx.doi.org/10.5588/ijtld.14.0822
Modelling the time to detection of urban tuberculosis in two big
cities in Portugal: a spatial survival analysis
C. Nunes,* B. M. Taylor†
*Centro de Investigac¸a˜o em Sau´de Pu´blica, Escola Nacional de Sau´de Pu´blica, Universidade NOVA de Lisboa,
Lisbon, Portugal; †Faculty of Health and Medicine, Lancaster University, Lancaster, UK
S UMMA R Y
S E T T I NG : Portuguese National Tuberculosis Control
Programme.
OB J E C T I V E : To examine delays in tuberculosis (TB)
diagnosis using a spatial component in two high-
incidence cities, Lisbon and Oporto, in Portugal, a
low-incidence country.
DE S I GN : A retrospective nationwide study was con-
ducted based on official TB data between 2010 and
2013 to analyse diagnostic delays at the lowest
administrative level (freguesias) using spatial survival
analyses, taking into account individual level covariates.
R E SU LT S : Median diagnostic delays in Lisbon (n¼2706
cases) and Oporto (n ¼ 1883) were respectively 62
(range 1–359, mean 81.01) and 60 days (range 1–3544,
mean 79.5). In both cities, case detection rates initially
rose until 50 days, then stabilised but rose again at about
200 days. Diagnostic delay was significantly shorter
among males and human immunodeficiency virus
positive individuals in both cities, but significantly
longer among migrants in Lisbon. There is evidence of
spatial correlation between freguesias; different spatial
patterns were observed in diagnostic delays and in
likelihood of case detection.
CONC LU S I ON : These results are concordant with ex-
isting literature. The two study areas present consider-
able spatial variations in diagnostic delay, highlighting
the fact that large cities should not be treated as
homogeneous entities. The potential of spatial survival
methods in spatial epidemiology is highlighted.
K E Y WORD S : tuberculosis; delay; detection; spatial
survival; epidemiology
ALTHOUGH TUBERCULOSIS (TB) IS a serious and
potentially fatal disease that leaves a large global
footprint, it is both curable and preventable. In 2014,
9.6 million people fell ill with TB and 1.5 million died
from the disease.1 In last two decades, although the
number of new cases and therefore the number of
deaths have decreased, further research should be
conducted for TB elimination.1 TB notification rates
in the European Union (EU) have been declining at a
mean annual rate of 4.4% since 2006, but with wide
variations between and within countries.2 In medi-
um-to-low-incidence Western European countries, a
stable or upward trend in TB incidence has been
observed in some large cities, and a decline in other
areas. For example, TB incidence in 2009 was 23.4
per 100 000 population in Paris and 44.4/100 000 in
London, compared with countrywide rates of respec-
tively 8.2 and 14.8/100 000 in France and the United
Kingdom.3 In the United Kingdom in 2013, TB was
concentrated in the most deprived populations, with
70% of cases residing in 40% of the most deprived
areas,4 the majority in large cities. TB tends to be
more prevalent in and around urban centres, mainly
because the known risk factors for the disease (e.g.,
drug use, alcoholism, human immunodeficiency virus
[HIV], migration, homelessness)5 are more concen-
trated and amplified in the urban context. Urban
environments promote interactions between individ-
uals from all parts of society, creating opportunities
for TB transmission.
Delays in diagnosing TB play a key role in the
transmission of bacilli, increasing infectivity in the
community, the risk of more advanced disease states
at presentation, morbidity and mortality.6–8 Ideally,
time to TB diagnosis should be no more than 3–4
weeks in smear-positive TB patients.9 The literature
suggests that diagnostic delay varies widely between
countries,7 and that it has increased in some EU
countries in recent years.4
Classical risk factors for diagnostic delay, such as
sociodemographic characteristics, substance use
(drugs and alcohol), place of residence, comorbidities
and access to health services, have been found to have
differing and even contradictory impact in different
studies.7 Even within a single city, there may be wide
variations between neighbourhoods with respect to
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the sociodemographic characteristics of residents and
level of social support, among other things, that could
potentially affect the time to diagnosis. Social and
environmental factors are expected to be more similar
in two neighbouring areas of a city than in two areas
that are far apart.10 While several studies have
addressed the issue of diagnostic7–9,11,12 and other
delays,13,14 no study has considered a possible spatial
pattern in delays.
In the last decade, Portugal has witnessed a slow
but consistent decrease in notified TB incidence;
however, it still has one of the highest incidences in
the EU (.20/100 000 as of 2014).15 Previous studies
have shown huge space-time heterogeneity at the
subnational level, reporting particularly high inci-
dence in the Lisbon and Oporto areas,16,17 which are
responsible for the majority of cases in Portugal,
consistent with the patterns observed for urban TB in
low-incidence countries.
The goal of the present study was to characterise
and analyse TB diagnostic delay in two large cities,
Lisbon and Oporto, both of which are high TB
incidence areas located in a low-incidence country.
Our emphasis is on modelling spatial variations in
diagnostic delay at the freguesia (small administrative
units in Portugal) level in cases diagnosed between
2010 and 2013, taking into account individual
characteristics. The study focuses on possible spatial
heterogeneity in patterns of delay in the two cities
using 1) exceedance probability mapping to indicate
areas of excessive delay, after taking into account
individual population characteristics; and 2) maps




Data were provided by Portugal’s National Tubercu-
losis Control Programme (NTP); only TB cases
diagnosed from January 2010 to December 2013 on
the Portuguese mainland were included in the study.
The NTP is supported by a nationwide information
surveillance system based on compulsory TB notifi-
cation by health professionals. Since 2000, the
surveillance system has been evaluated on a yearly
basis according to World Health Organization
(WHO) guidelines, and it is considered reliable
(84% detection rate in 20141).
Patient information available at the individual level
included sex (female/male), age (years), drug use (yes/
no), alcohol abuse (yes/no), incarceration (yes/no),
homelessness (yes/no), HIV positivity (yes/no) and
migrant status (yes/no). The national TB database
contains information on the place of residence of
cases at the freguesia level. In the case of homeless
patients, the freguesia of the health service where the
case was reported is recorded.
The two study areas were defined based on circles
with a radius of 30 km, with their centre in the Lisbon
and Oporto freguesias (respectively 177 and 230
freguesias), including central areas and various peri-
urban and rural areas. Diagnostic delay was defined
as the time in days between the onset of symptoms
(self-reported) and TB diagnosis by the health
services. To exclude implausible and extreme values,
only delays between 0 and 365 days were considered.
Ethics committee approval and informed consent
were not required, as the data were based on an
official national surveillance system and had been
previously anonymised.
Statistical methods
After a descriptive approach at the individual (delay
and covariates) and freguesia levels (median delay),
we used standard survival analyses18 extended to
include spatially correlated random effects (frail-
ties)19,20 to model delay time. This took into account
extra spatial variations in outcomes using a combi-
nation of individual-level covariates and ecological-
level spatially correlated effects. Our final model was
a flexible parametric proportional hazards model.19
To model the relationship between age and reporting
delay, a cubic B-spline function was used.21*
Using this model, we summarised the effect on
delay time due to individual risk factors in tables and
mapped the unmeasured environmental risk to
highlight city areas where the likelihood of diagnosis
is lower than expected, taking into account the
individual characteristics of the people in that area.
All analyses were conducted using R software
(spatsurvpackage) (R Core Team. R: A Language and
Environment for Statistical Computing. R Founda-




Between 2010 and 2013, 3536 TB cases in the Lisbon
area experienced diagnostic delays ranging from 0 to
365 days, 2706 (76.5%) of whom had complete
records on all of the covariates of interest. In the
Oporto area, the corresponding numbers were 2419
and 1883 (77.8%) cases. Diagnostic delay at the
individual level in the Lisbon area was a minimum of
1 and a maximum of 359 days (median 62, mean
81.01). Similar values were reported in Oporto, at
respectively 1 and 354 days (median 60, mean 79.5).
Table 1 presents the descriptive statistics of individual
characteristics of TB cases in the Lisbon and Oporto
areas. TB cases in Lisbon tended to be slightly
younger than in Oporto (mean age 44.16 years,
* For more details please contact the corresponding author.
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median 42, range 0–112 vs. mean age 47.01 years,
median 46, range 0–100) (Table 1).
Figure 1 shows the median delay in each freguesia
for both study areas. The median diagnostic delay at
the freguesia level in Lisbon was 65 days (mean
69.79, range 21–178.5). In Oporto, the median delay
was 65 days (mean 73.4, range 13–304). Not all
freguesias provided data on diagnostic delay (see
white areas on the map).
Spatial survival analyses
Table 2 shows the estimated fixed effects in our
model. The effect of age (using a cubic B-spline
function) on the risk of diagnosis is shown in Figure
2C (easier to interpret). Due to the nature of the study
event (being diagnosed), relative risk (RR) values .1
should be seen as ‘good’ (and ,1 as ‘poor’).
These results show that the RR of a case being
diagnosed more rapidly was significantly higher in
males than in females in both cities, with no evidence
of difference between the two cities. In both cities,
there was little difference in TB detection rates in
alcoholics and non-alcoholics. Infected intravenous
drug users tend to be diagnosed more rapidly than
non-users, and case detection in this subgroup was
more rapid in Oporto than in Lisbon; however, these
differences were not statistically significant.
Incarcerated individuals tended to be diagnosed
more slowly than non-inmates, but this was not
significant. With regard to homelessness, in Lisbon
infected homeless individuals were likely to take
longer to be diagnosed, but this difference did not
attain significance; in Oporto, homeless individuals
were diagnosed significantly more rapidly than the
non-homeless. In both cities, TB in populations with
HIV was diagnosed significantly more quickly than in
non-HIV populations, with similar RRs in each case.
Table 1 Descriptive statistics for Lisbon and Oporto areas
Variables
Lisbon Oporto
n (%) n (%)
Sex
Female 1 028 (38.0) 676 (35.9)
Male 1 678 (62.0) 1 207 (64.1)
Alcoholic
Yes 322 (11.9) 253 (13.44)
No 2 384 (88.1) 1 630 (86.56)
Intravenous drug user
Yes 197 (7.3) 107 (5.7)
No 12509 (92.7) 776 (94.3)
Prison inmate
Yes 32 (1.2) 25 (1.3)
No 12674 (98.8) 858 (98.7)
Homeless
Yes 45 (1.7) 25 (1.3)
No 2 661 (98.3) 1 858 (98.7)
HIV positivity
Yes 495 (18.3) 175 (9.3)
No 2 211 (81.7) 1 708 (90.7)
Migrant
No 1 972 (72.9) 1 814 (96.3)
Yes 734 (27.1) 69 (3.7)
HIV¼ human immunodeficiency virus.





Sex Male† 1.19 (1.09–1.29) 1.18 (1.07–1.3)
Alcoholic No† 1.03 (0.91–1.18) 1.02 (0.88–1.18)
Intravenous
drug user No† 0.96 (0.82–1.16) 0.82 (0.65–1.04)
Prison inmate No† 1.13 (0.77–1.62) 1.11 (0.74–1.76)
Homeless No† 1.02 (0.75–1.43) 0.64 (0.44–1)
HIVþ No† 0.85 (0.76–0.95) 0.81 (0.69–0.99)
Migrant Yes† 0.87 (0.80–0.96) 1.01 (0.78–1.29)
r 1.26 (1.19–1.39) 1.32 (1.21–1.44)
u 3490 (1618–7143) 2874 (1363–5843)
* RRs . 1 are associated with shorted diagnostic delays; RRs , 1 are
associated with longer delays. It should be noted that the effect of age is not
indicated in this table (see Figure 2).
† Class for each estimation is presented (all binary variables).
RR¼ relative risk; CrI¼credibility interval; HIV¼human immunodeficiency virus.
Figure 1 Median delay by freguesia;A) Lisbon area, B)Oporto
area.
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In Lisbon, case detection rates were significantly
slower in migrants than in the Portuguese-born,
whereas in Oporto there was no difference between
the two groups.
As regards the effect of age, the two cities show
very different trends: in Lisbon there was a marked
difference in detection rates between the young and
the old, with cases aged ,20 years being diagnosed
significantly more rapidly than the remainder of the
population; in Oporto, detection rates were fairly
uniform across the ages, but children aged ,10 years
were diagnosed slightly more rapidly than the rest of
the population (Figure 2C).
Baseline hazard functions show that in both cities
case detection rates initially rose until about 50 days,
then levelled off before starting to rise again at about
200 days (Figure 2A). Figure 2B shows the baseline
cumulative hazard, which can be interpreted as the
expected number of notified TB cases up to a given
time if those events were repeatable, covariates and
spatial random effects in the model being set at zero.
Figure 2D gives the posterior covariance function for
each city, which shows that there is evidence of spatial
correlation between freguesias up to a distance of a
few kilometres; however, freguesias around 5 km
apart were largely independent. The median radius of
freguesias (considered as circles of equivalent area)
was 1155 m for the Lisbon study area and 1272 m in
Oporto; the estimated spatial correlation therefore
implies that most first-order neighbours were corre-
lated in both cities, but with higher order correlations
being present in the inner city areas, where freguesias
are smaller.
Figure 3 shows exceedance probability maps for
covariate-adjusted RRs (plots A and C) and the
probability that the expected delay would exceed 60
Figure 2 A) Estimated baseline hazard. B) Estimated cumulative baseline hazard. C) Relative risk as a function of age. D) Posterior
covariance function of spatial effect, Y. These plots show the posterior median and 95% confidence intervals for each city.
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days for the most common risk profile, namely a
Portuguese male aged 40 years with no other risk
factors (plots B and D).
The plots on the left show that the probability of
the covariate-adjusted RRs of case detection is
,0.85. After taking into account the population
characteristics in each freguesia of TB patients likely
to affect time to diagnosis in that area, darker
freguesias indicate areas with more substantial
average delays than those that are lighter. Similar
plots for other population subgroups would look the
same, but the probability scale would be different;
e.g., for females aged 40 years with no other risk
factors, the probability scale ranges from 0.418 to
0.653 in Lisbon and from 0.169 to 0.465 in Oporto.
The plots on the right show the predicted proba-
bility that time to diagnosis exceeds 60 days for a
Portuguese male aged 40 years with no other risk
factors; it should be noted that the spatial patterns in
the left and right hand plots are different. Both the left
and right hand plots show areas of potential concern
from a public health perspective: the main difference
is that the left-hand plots (Figure 3A and 3C) have
taken into account individual covariates. Higher
probabilities in Figure 3A and 3C indicate areas
where delays are unusually long, given the character-
istics of patients recorded in these areas; this raises the
issue of whether there is a variable, undetected in the
present study, that may explain these patterns—and
which could be targeted by future public health
initiatives.
Figure 3 Top row: results from Lisbon, bottom row: results from Oporto. A) Plot of P[exp{Y} , 0.85] (the probability that the
covariate-adjusted relative risk is less than 0.85); B) plot of E[S(60)] (the predicted probability that the delay to diagnosis will exceed 60
days in a Portuguese male aged 40 years with no other risk factors). Respective plots for Oporto: subfigures C) and D).
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DISCUSSION
The median delay in TB diagnosis in the Lisbon area
was 62 days, while in Oporto it was 60 days; there are
considerable spatial variations in delays in both areas.
Our results are consistent with the literature from
other EU8 and industrialised countries.23 A previous
study conducted in Portugal using similar covariate
data between 2000 and 2009 reported a delay of 55
days at the national level; however, that study did not
examine spatial variations.12
There is some evidence in the literature to suggest
that the Oporto area may have more effective TB
public health policies than Lisbon: TB incidence is
falling more rapidly in this area,15 suggesting better
practices (or medical awareness), also evidenced by a
lower median delay. Could the differences in delay in
these two regions be due to differences in the presence
of risk factors in the populations? Both areas have
similar population characteristics, being largely male,
non-alcoholic, non-drug users, non-inmates and non-
homeless. Greater differences were observed in HIV
prevalence and in migrant status (respectively 81.7–
90.7% and 27.12–36.6%). The relationship between
HIV and TB is well established in the literature,5 and
Couceiro et al. identified a relationship between TB
incidence and migrant status in Lisbon, which is
relatively weak in Oporto.17
Our findings suggest that the total delay in
diagnosing a case, comprising the sum of patient
and health system delays, is lower in males, HIV-
positive individuals and non-migrants than in other
recognised subpopulations at risk of TB. These results
are concordant with the literature, and are also
associated with high-incidence risk groups.6 As the
two cities are located in the same country, both have a
similar culture, health care systems, laws and other
contextual factors. In Lisbon, there appears to be a
shorter diagnostic delay in Portuguese nationals that
is not observed in Oporto. In Oporto, detection rates
in homeless individuals are shorter, and younger
individuals are more quickly diagnosed; there are also
fewer differences between the old and the young than
in Lisbon. Regarding the other variables (alcoholism,
drug use or incarceration), the associated low
frequencies can (or not) justify the absence of
statistical significance.?1
Although the two study areas were relatively small,
the spatial variations in delay across both areas are
large. As shown in Figure 3, in Oporto longer delays
were observed in the city centre, surrounded by a
second zone (dormitory areas) around the centre with
relatively shorter delays, after which the delays
increased again in areas further away from the city
centre. In Lisbon, a different pattern was observed,
with longer delays in the city centre and in some
dormitory areas, but not others. Note the difference
in scales between Figure 3B and D; the estimated
probability that diagnostic delay will exceed 60 days
in a Portuguese male aged 40 years with no other risk
factors is much higher in Lisbon compared with
Oporto. No similar studies were found in the
literature: only studies on urban areas and/or between
countries were found.3,4,8 It is interesting to compare
maps showing median delay times (Figure 1), which
are more spatially random, with the spatial compo-
nent of the model after adjusting for individual
covariates (Figure 3), which shows a different
pattern.
We conclude therefore that when examining time
to diagnosis among TB cases, large cities should not
be treated as single homogeneous entities, but rather
as complex structures at the subcity level. As well as
those covariates at the individual level examined in
this study, delays in diagnosis may be due to other
unobserved individual attributes that influence a
person’s health-seeking behaviour (and/or likelihood
of being detected by the health system) and also to
unobserved population interactions and other char-
acteristics. These are now being reflected in the
spatial random effects component.
One potential limitation of this study is related to
the definition of the outcome variable, i.e, time to
diagnosis as the time period between a self-reported
variable (time of symptom onset), which is subject to
recall bias, and a health system variable (date of
diagnosis). As these are common epidemiological
biases with known consequences,24 we excluded
extreme delays (194 cases, representing 3.3% of all
cases).
Another study limitation is the missing values; as
TB health services in Portugal are sparsely distributed
in space, each responsible for several freguesias, we
assumed that the lack of data was related to the
performance of the health services and was unlikely
to significantly affect our spatial variation estimates.
Lack of data due to non-presentation of patients at
health facilities is more difficult to assess, but it was
observed that our selected cases had sociodemo-
graphic characteristics that are similar to those of
excluded cases.
The method of analysis proposed in this study can
be used with more complex censored data (not
applicable here), and to analyse other diseases.
CONCLUSION
Our study results are consistent with the literature. In
both cities, we found that the correlations between
diagnostic delay and sex and HIV status were
statistically significant and with effects sizes in the
same direction; however, the two cities present
different challenges with respect to age and migrant
status. On the whole, cases in Oporto seem to be
diagnosed earlier. However, the goal of diagnosing
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the majority of cases within 4 weeks is currently far
from being achieved in the two study areas.
Even after accounting for individual characteristics
likely to affect time to diagnosis, there is substantial
regional variability across both cites. More detailed
studies with additional covariates that take into
account individual and health system delay compo-
nents should be conducted. Without this information,
it is unclear how best to use public resources to
further reduce delays. The potential of spatial
survival analysis for modelling time-to-event data in
spatial epidemiology is well demonstrated here.
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R E S U M E
CONT EX T E : Programme National de lutte contre la
Tuberculose du Portugal.
OB J E C T I F : Caracte´riser le retard au diagnostic de la
tuberculose (TB) dans deux villes a` incidence e´leve´e au
sein d’un pays a` faible incidence : Lisbonne et Porto,
Portugal, en incluant une composante spatiale.
S C H E´MA : Une e´tude re´trospective nationale a e´te´
re´alise´e, base´e sur des donne´es TB officielles, entre
2010 et 2013 ; en mode´lisant les retards au niveau
administratif le plus bas (graˆce a` des analyses de survie
spatiale), nous avons tenu compte des covariables au
niveau individuel.
R E´ S U LTAT S : Le retard au diagnostic dans la re´gion de
Lisbonne (n¼ 2706 cas) est d’une me´diane de 62 jours
(fourchette 1–359 ; moyenne 81,01) et de 60 jours
(fourchette 1–3544 ; moyenne 79,5) a` Porto (n¼ 1883).
Dans les deux villes, le taux de de´tection des cas
augmente initialement jusqu’a` 50 jours, puis se
stabilise et augmente a` nouveau autour de 200 jours.
Le retard a` l’identification des cas est significativement
plus faible pour les hommes et pour les individus positifs
au virus de l’immunode´ficience humaine dans les deux
villes, mais significativement plus long pour les migrants
a` Lisbonne. Il y a donc une preuve de corre´lation spatiale
entre freguesias, et diffe´rents profils spatiaux ont e´te´
observe´s en termes de retard et de chance de de´tection
des cas.
CONC LU S I ON : Ces re´sultats sont en accord avec la
litte´rature. Les deux zones d’e´tude pre´sentent
d’importantes variations spatiales en termes de retard
de diagnostic, ce qui souligne le fait que les grandes villes
ne doivent pas eˆtre traite´es comme des entite´s
homoge`nes. Cette e´tude montre le potentiel des
me´thodes de survie spatiale en e´pide´miologie spatiale.
R E S UM E N
MARCO DE R E F E R ENC I A: El Programa Nacional de
Control de la Tuberculosis de Portugal.
OB J E T I VO: Caracterizar el retraso en el diagno´stico en
dos ciudades con alta incidencia de tuberculosis (TB), en
un paı´s con baja incidencia de la enfermedad, a saber:
Lisboa y Oporto en Portugal. El ana´lisis comporto´ un
componente espacial.
M E´ TODOS: Se llevo´ a cabo un estudio retrospectivo de
a´mbito nacional a partir de los datos oficiales sobre la
TB del 2010 al 2013; se tuvieron en cuenta las
covariables individuales modelizando los retrasos a
una escala administrativa inferior (mediante ana´lisis
espaciales de supervivencia).
R E SU LTADOS: El retraso del diagno´stico de la TB en la
zona de Lisboa tuvo una mediana de 62 dı´as, con un
margen entre 1 dı´a y 359 dı´as y un promedio de 81,01
dı´as (n¼2706 casos); en Oporto la mediana fue 60 dı´as,
con un margen entre 1 dı´a y 3544 dı´as y un promedio de
79,5 dı´as (n ¼ 1883). En ambas ciudades la tasa de
deteccio´n de casos aumento´ inicialmente durante 50
dı´as, luego se estabilizo´ y aumento´ de nuevo despue´s de
200 dı´as. El retraso en la deteccio´n de los casos fue
significativamente ma´s corto en los hombres y en las
personas infectadas por el virus de la inmunodeficiencia
humana en ambas ciudades, pero fue significativamente
ma´s prolongado en los migrantes en Lisboa. El estudio
revelo´ indicios de una correlacio´n espacial entre las
freguesias (divisiones administrativas) y se encontraron
diferentes perfiles espaciales en los retrasos y el riesgo de
deteccio´n de casos.
CONC LU S I O´ N: Estos resultados concuerdan con otras
publicaciones cientı´ficas. Las dos zonas de estudio
presentaron amplias variaciones espaciales, lo cual
destaca el hecho de que las grandes ciudades no se
deben considerar como entidades homoge´neas. Se
demuestra la utilidad de los me´todos de supervivencia
espacial en los estudios de epidemiologı´a espacial.
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